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I. INTRODUCTION

""Dielectric waveguide (DWG) filter structures are of particular interest
for millimeter-wave and optical applications. A number of applications have
been reported recently in the millimeter wave and quasi-optical areas [1]-

{3] and optical grating filters have been reported in [4]. Grating-type
dielectric waveguide filters have several advantages over alternative con-
figurations, such as the ring-resonator filter [5], [6]. In particular,
the ring-resonator should be a number of wavelengths in circumference for
satisfactory performance, which implies closely spaced spurious pass- or
stop-bands. The grating filter can easily be incorporated in an integrated
system, and may be realized by a series of discontinuities, such as surface
or dielectric variations.
There has beén some work done on complex mode-matching methods [7] in
an effort to analyze discontinuities in dielectric waveguide. It is some-
wvhat impractical to apply these techniques to grating filter response analysis.
It is proposed in this paper that a simple transmission line model may be used
to analyze such a grating structure. Experimentation has verified this
approach. The theory developed is valid for any form of dielectric waveguide.
Section I1 gives details of the theoretical analysis of the dielectric
waveguide grating filter. Experimental results are given in Sectiom III.

Conclusions are outlined in Section IV,

II. ANALYSIS OF DIELECTRIC WAVEGUIDE GRATING STRUCTURE

A stepped dielectric grating structure and transmission line model are
shown in Fig. 1. 1Image Guide (rectangular dielectric guide on a ground

plane) will be considered specifically, although the approach may be
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Figure 1. Image guide grating filter and transmission line model.




generalized to other dielectric waveguides. It is proposed that this model
may be used for an approximate analysis of the graEing filter.

The dielectric waveguide supports hybrid modes, which may be expressed
as a sum of transverse electric and transverse magnetic modes, or longi-
tudinal section electric (LSE) and magnetic (LSM) modes. The LSE fields

may be expressed as [8]
E = - wnVxll,
T = ek’ + V0
r Onh r[h

and the LSM fields as

= 2 -1
E kone + V(er v ﬂ.)

H= jWEOVxne

where Hh and ne are the magnetic and electric Hertzian potentials,
respectively.
With Hh =y ¢h(x,y)e-jsz =y ¢h and He =y ¢e the dielectric waveguide

fields may be expressed in terms of electric and magnetic scalar potential

functions.
1 3"
l‘:x T (y) Bxay + mu08¢h
32¢e
Ey * (y) (B ¢ 8x2 )
E --juu m_—iLEE
z 0 ax e (y) 3y
32¢h
He = xay ~ Wb

(1a)

(1b)

(2a)

(2b)
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3
2 %
By = 8% -7
39, 39,
H = -iB 3y + juey —- (3)

The effective dielectric constant method [9], [10] is a very suitable
approach for finding the propagation constant in planar dielectric wave-
guides. Various forms of dielectric waveguide may be analyzed in this
manner. Consider the image guide structure of Fig. 2. Using the effective
dielectric constant method and matching the fields in each region the

following eigenvalue equations may be found. The equation for ky is

2 2
€, £O(er-l) - ky cos kyyl - ky sin ky Y1 0 (4)

where € is the relative permittivity of the guide. After solving for ky,

the effective dielectric constant (eez) for region 2 may be found.
k2
€y = £ -5 (5)
ko

The equation for kx is

[kg(eez-l) - Zki] sin k_(x,-x)) + 2k_ .4(2)(; oD - k: cos k_(xy-x,) (6)

Thus the guide propagation constant becomes

2 2
8= /‘ez ko = ke 7

The dominant mode is considered in this paper. We will define the waveguide

characteristic impedance

Z'no‘a— (8)
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where no, ko are the free-space wave impedance and propagation constant
respectively.

In order to find the filter transfer-function, consider the unit cell
shown in Fig. 3. The ABCD matrix for the unit cell may be obtained by

multiplying the matrices for two line sections [11]. The unit cell matrix is

A= cos(BGZG)cos(BNGZNG)- -zz-—c sin(BGR,G)sin(_sNGzNG)

k
2

s | 2
j no[:NG cos ( BGJZ.G) sin( BNGR'NG) + 5 sin( BGR,G) cos (BNGQ'NG)]

o
[]

) 8

Y - Prc
C=j o ko 51n(BG£G)cos(3NG,v.NG) + ko cos(BGRG)sin(Bﬂclnc)]

o
(]

B
G
cos(BGR,G)cos(BNGR.NG) - ?t:l_c. sin(BGJLG) sin(BchNG) 9

The ABCD matrix for a grating structure of n unit cells is obtained by
raising the matrix for a single cell to the nth power.

The transducer loss ratio is given by [10]

P B + CR RL 2
avail 1 2 G
P = 4RGRL [(AR + DRG) + __—j ) ] (10)

L

where PL is the power delivered to RL and P

available power from the generator. Thus we have a method for computing

2
avail = |v8| /4R, 1is the

the filter insertion loss (PL/Pavail) as a function of frequency. It

should be noted that the effects of the discontinuities have been ignored

at this stage. Although this is quite approximate the response predicted
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Figure 3. Unit cell in transmission-line model.
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from such an analysis agrees well with measurements.

Fields in a periodic structure can be expressed in terms of spatial

harmonics, according to Floquet's Theorem [12]. The propagation constants

are
2m
Bn'80+—d » a=0,+1, +2, ...

where d is the grating period. It is useful to look at the dispersion
curves on a kod - Bd diagram, such as Fig. 4. Coupled mode theory may be

used to explain the filter characteristics. There is a stop-band when
Bd = 1

where B is the propagation constant in the grating. At this frequency

there 1s coupling between the spatial harmonics (_30)+ and (8_,)_, which

propagate in opposite directions. The waves are guided by the structure
(slow wave region). The grating exhibits a reflection coefficient close
to one in the stop-band, and close to zero either side.

Consider ports n and n+l in the unit cell of Fig. 3, when the cell is

part of a periodic structure.

n+l

n n+l n+l

For a lossless reciprocal network [13],

cos Bd = A%Q

11)

(12)

(13)

(14)
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Figure 4. kod-Bd diagram (sn) 4 are forward travelling space harmonics

and (Bn)_ are backward travelling space harmonics.

. v, Lot
| @ g
% G SRR

..........




AR A LA AN A A e At AT AR SCR AR SN R SR

i .

PTI TN

T o ' g ot
SN "~ FORNSEANN,

The following relationship may thus be derived

Bz By

cos Bd = cosBGR.G cos BNG(d-ZG) -1/2 ;;E-+ EE— sin BGzG sin BNG(d-zG) (15)

For a particular d/ zc, the required d may be found from (15) once the

propagation constants BG and BNG for a uniform guide are found from
“)-(7).

III. RESULTS AND DISCUSSION

Filter designs and response predictions were achieved using the pro-

cedures outlined in Section II with the aid of computer programs.

A scaled image-guide filter was built and tested at X-band. The
dimensions and predicted and measured insertion loss responses are shown Ij}?;
in Fig. 5. Figure 6 shows a photograph of the filter. Rexolite 1422 was i%‘:
used as the dielectric, due to its favorable electrical and mechanical R
qualities. To enable testing with a network analyzer system, a suitable
transition between metal waveguide and DWG is necessary. The transition ..

used consists of a horn and a H-plane tapered section of DWG. This has

been shown to act as a low-loss transition.
The predicted response is for matched loads at midband. (Maximum

' ripple across band due to mismatch is less than 1 dB). Equation (14)

predicts the lower edge of the stop-band, so a slight adjustment is ﬁijﬁf

necessary to obtain a required center frequency. The measurements agree

well with predictions. In particular, it should be noted that the location
and width of the stop-band and the lower frequency ripple are accurately

predicted. Measured data in the 11-12 GHz range deviated from the predicted
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Figure 5a. Grating filter tested. N = 20 sections (unit cells), .

= 17 and 20 mm,

Lyg/d = 0.5, d = 11.2 m, b, = 7 ma, h, ]

we=20 mm, €p " 2.53 Rexolite 1422,
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Figure 5b. Predicted and measured insertion losses for grating filter. .':._';;
T
hy =7 mm, %,./d=0.5,d=11.2 m, £, = 10 GHz. d

Predicted: h2 = 20 wm

N = 20 sections

—————-h,*lm

-- h, = 14 mm N = 40 sections .T

Measured: 0O h2 =20m; O h2 = 14 mm N = 20 sections.
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Figure 6. Image guide grat:!.ng filter.
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response. This deviation was due to radiation in this frequency range. It

is generally accepted that grating-type slow-wave DWG structures have some
inherent radiation problems. However, the radiation region may not cause
a problea and could possibly be eliminated by matching. Matching of the
periodic structure may be achieved via tapered steps at the ends [13].
Increasing the number of sactions or the step size increases the stop-
band insertion loss. A large step results in a slightly larger stop-bandwidth,
and increasing the number of sections narrows the stop-bandwidth. luc/d
values other than 0.5 reduce the stop-bandwidth and decrease the stop-band
insertion loss, especially for ZNG/d 0.5.
There are a number of interesting filter structures which employ gratings.
These include:
(1) Stagéer tuned grating sections in series to realize
a low-pass or large stop-band band-reject filter
(Fig. 7(a)).
(i1) Grating with coupler. (Fig. 7(b)). The forward
coupler action couples the reflected power from the
grating to achieve a band-pass response between
parts 1 and 2.
(1i1) Tapering in the grating to obtain an equal-ripple

response. The realizable BG/BNG limits cthis.

IV. CONCLUSIONS

A simple yet effective means of analyzing dielectric waveguide grating
filters has been presented. Experimentation has verified the theoretical
analysis. This technique thus becomes a very useful design tool which is

applicable to many forms of periodic and non-periodic guided wave structures.
14
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Figure 7a. Series stagger-tuned grating filter.

Figure 7b. Filter consisting of grating with coupler.
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